Tobacco smoke is the major risk factor for lung cancer and accounts for about 80-95% of lung cancers in men (Parkin et al, 1994) . Many of the potential risk factors for lung cancer other than active smoking, such as environmental tobacco smoke (Hackshaw et al, 1997; Boffetta et al, 1998) , residential radon (BEIR VI, 1998), diet (Brennan et al, 2000) , occupational hazards (Keller and Howe, 1993; Pohlabeln et al, 2000) , previous non-neoplastic lung disease (Wu et al, 1995; Mayne et al, 1999) , family history of lung cancer (Schwartz et al, 1996; Brownson et al, 1997) and genetic susceptibility (Bennett et al, 1999) show relative risk estimates less than two, which are about ten times smaller in magnitude than the relative risk of cigarette smoking. To determine the extent to which these risk factors contribute to lung cancer, studies of lifetime nonsmokers are preferable, because otherwise adequate controlling for smoking is difficult.
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About 10-30% of European and American women with lung cancer report never having smoked in their life, in contrast to only 2% of male cases (Koo and Ho, 1990) . A large body of evidence on potential risk factors for lung cancer in nonsmokers has been accumulated (Brownson et al, 1998) ; this knowledge, however, is nearly exclusively based on studies conducted in women. We therefore used data from a large case-control study on lung cancer and indoor radon, conducted from 1990-1996 in Germany, to focus on nonsmoking men. Some of the findings have been published previously Kreuzer et al, 1998 Kreuzer et al, , 1999 Kreuzer et al, , 2000 Brüske-Hohlfeld et al, 2000; Kreienbrock et al, 2000) . The present paper describes our major findings on the relation between residential radon, occupational exposure, environmental tobacco smoke, family history of cancer and previous lung disease and risk of lung cancer in nonsmoking men.
MATERIALS AND METHODS
Data on nonsmokers were derived from a case-control study of lung cancer and indoor radon conducted from 1990-1996 in several regions of East and West Germany. The data collection methods have been described previously Kreienbrock et al, 2000) . In brief, newly diagnosed cases with histologically or cytologically confirmed lung cancer as a primary tumour were recruited from 15 study clinics in the defined study area. Cases were eligible if: (1) they were less than 76 years old; (2) they were currently resident in the study area; (3) they had lived in Germany for more than 25 years; (4) the interviews were within 3 months after diagnosis; and (5) they were not too ill. The response rate of eligible cases was 76%. Population controls satisfying inclusion criteria 1-3 were randomly selected from mandatory registries or by modified random-digit dialing and were frequency matched to the cases on sex, age and region. The response rate of eligible controls was 41%.
A total of 4303 cases and 4451 population controls including smokers and nonsmokers, as well as men and women, were personally interviewed by a trained interviewer. A standardized questionnaire was used to determine detailed residential history, active and passive smoking history, occupational exposure, dietary habits, previous lung disease and a family history of cancer. Oneyear measurements of radon concentrations in the living and bedroom of the subjects' last dwellings were obtained by α-track detectors. The present analyses were restricted to nonsmoking men. In accordance with previously published definitions Kreuzer et al, 2000) , subjects who had never smoked more than 400 cigarettes in their life were defined as lifetime nonsmokers.
The lifelong occupational history was recorded including job title, branch and industry as well as the dates of all jobs held for at least 6 months. Job titles were coded according to the German standard classifications provided by the Federal Office of Statistics (Statistisches Bundesamt, 1975) . A list of jobs, branches and industries in which a risk for lung cancer has been confirmed (A-list), or suspected (B-list), was applied to the job title and industry codes, as recently published by Ahrens and Merletti (1998) . Table 2 lists in detail all occupations and industries classified as belonging to the A-list. A subject was defined as exposed in an A-list (B-list) job if he had worked for at least 6 months in an occupation on A-list (B-list). Cumulative duration of exposure in years in jobs of list A (or both lists combined) was calculated and categorized as less than 10 years or 10 or more years.
Residential radon exposure was quantified as the time-weighted average of the radon concentrations in the living room and bedroom of the present home, taking into account the individual's time proportion spent in both rooms . Changes due to reconstruction of the house (e.g. windows) over the years were considered by using correction factors developed in a multivariate model . The questionnaire on environmental tobacco smoke (ETS) gathered information on ETS exposure during adulthood at home (spouse or other cohabitants), at the workplace, in vehicles and at other public places (social settings). The results on lung-cancer risk and ETS for nonsmoking women and men combined have recently been published . In accordance with this analysis we used the cumulative duration of exposure in hours weighted for a subjective index for level of smokiness as the variable for exposures to ETS. Subjects who were never exposed comprised the reference category and exposures above (below) the 75th percentile were considered as high (low) for each source of exposure.
All subjects were asked if they had ever been told by a physician that they had asthma, tuberculosis, emphysema, chronic bronchitis or pneumonia at any age at least 2 years before diagnosis of cancer (or date of interview for controls). Information on history of cancer among first-degree relatives (parents, siblings and offspring) was gathered, including age at disease, site of cancer and relation to the subject. Subjects were defined as having cancer in the family if at least one relative with cancer was reported. This factor was defined for lung cancer and cancer of any site. Information on smoking habits of the relatives was available for parents only. A food frequency questionnaire was used to gather dietary habits.
Odds ratios and 95% confidence intervals were calculated from unconditional logistic regression models (Breslow and Day, 1980) . All odds ratios were adjusted for age and region (three areas). We examined the effects of each of the above-mentioned risk factors. Potential confounders for these factors such as occupational exposure (ever/never exposed to a job of A-list), residential radon (continuous variable), environmental tobacco exposure outside from home (workplace, transportation and social settings), preexisting lung disease (history of at least one lung condition) and diet (daily vs less-than-daily consumption of fresh fruits) were added to the models. Since no major confounding was found, results were presented adjusted for age and region only. According to previous analyses, radon exposure was categorized into < 50, 50-79, 80-139 and ≥ 140 Bq m -3 . A linear trend test was performed by treating radon exposure as a continuous variate and calculating the excess relative risk (ERR) per additional exposure of 100 Bq m -3 . Potential differences in lifestyle and exposure to carcinogenic risk factors for lung cancer between subjects from East and West Germany were examined by repeating all analyses separately for each study area and discussing differences if present.
RESULTS
A total of 58 male nonsmoking lung cancer patients and 803 male nonsmoking control subjects were studied. Table 1 shows their sociodemographic characteristics. The distribution of age was very similar among case and control subjects; mean ages being 57 and 59, respectively. Case and control subjects were broadly similar regarding marital status and educational levels, 35% of case and 42% of control subjects having completed at least 10 years of formal education. The predominant cell type was adenocarcinoma (59%), followed by squamous cell carcinoma (19%), small cell lung cancer (16%) and other types (7%). Table 2 shows the number of cases and controls who had worked at some time for at least 6 months in industries and occupations entailing known carcinogens, showing that about 14% of case and 7% of control subjects had ever done so. The most frequently reported jobs and industries in the A-list were painters, railroad manufacturing workers, asphalt workers, iron and steel foundry workers and roofers, and these were associated with a 2.2-fold increased lung-cancer risk (Table 3 ). There was an increasing risk of lung cancer with increasing duration of exposure. Working < 10 years or ≥ 10 years in jobs of A-list, as compared to never working in such a job, was associated with a 1.3-fold (95% CI = 0.4-4.6) or 3.7-fold (95% CI = 1.3-10.4) increased lung-cancer risk, respectively. Taking subjects who had never worked in a job with known or suspected carcinogens as the reference category (66% of case subjects and 76% of control subjects), those working in an A-list job but never in a B-list job exhibited a 2.4-fold risk.
Other potential risk factors of lung cancer exerted only minor confounding effects on these occupational risks. Thus, the OR for ever/never exposure to jobs of A-list was modified to OR = 2.3 (95% CI = 1.04-5.3) after adjustment for radon exposure and to OR = 2.2 (95% CI = 0.96-4.82) after adjustment for educational level. Risk estimates were consistently much higher for subjects enrolled in the study area in West Germany than for those in East Germany, though numbers of exposed subjects in East Germany were small. In Table 4 characteristics of the radon exposure in the present home are given. On average the current residence was occupied for 23 years in all groups, demonstrating overall a mean annual radon exposure of 80 Bq m -3 among case subjects and 61 Bq m -3 among control subjects. In cases with small cell carcinoma, the mean radon exposure was substantially higher (154 Bq m -3 ) than among patients with non-small cell lung cancer (65 Bq m -3 ). Due to the high uranium contents of the ground in the selected study areas of Eastern Germany (Thuringia and Saxony), control subjects of this area showed appreciably higher mean radon levels in their houses (74 Bq m -3 ) than those of West Germany (50 Bq/m 3 ). Overall the odds ratios for lung cancer and radon exposure using less than 50 Bq m -3 as reference category were 1.3 (95% CI = 0.6-2.6), 1.5 (95% CI = 0.6-3.5) and 2.0 (95% CI = 0.7-5.8) for categories , respectively, and the estimated excess relative risk (ERR) per 100 Bq m -3 was 0.43 (P = 0.052) ( Table 5) . Since there was a strong interaction for lung cancer risk with respect to radon exposure and study area, risk estimates were calculated for the eastern and western parts separately. Due to the low radon exposures in the western study area, cases and controls were predominantly in the reference category, and no elevated risk nor a significant trend was observed. However, the power to detect such an effect was low. In contrast to this, a clear significant excess relative risk of 60% per increase of 100 Bq m -3 was found in the eastern study area. In comparison with radon concentrations up to 50 Bq m -3 , the odds ratio was 3.0 for 50-79 Bq m -3 , 3.3 for 80-139 Bq m -3 and 5.0 at concentrations exceeding 140 Bq m -3 . Overall, odds ratios did not substantially change after adjustment for potential confounders, for example in the entire study region the ERR for an increase of 100 Bq m -3 was 0.44 (CI = 0.01-1.05) after adjustment for occupation.
As shown in Table 6 , the spouse or other cohabitants were negligible as potential sources of ETS exposure in adulthood at home, since almost no such exposure was reported by nonsmoking men. In contrast, 75% of control subjects reported ETS exposure in public places such as workplace, transportation or restaurants. High ETS exposure outside the home was associated with elevated excess risks that did not achieve statistical significance. Thus, the odds ratio for ETS exposure in public transportation was 2.7 (CI = 0.9-8.0) and 1.5 (CI = 0.7-3.4) among subjects highly exposed to ETS at social settings, respectively. When all sources of ETS exposure outside the home were considered jointly, a slightly elevated exposure-response relationship was found. No influence of additional adjustment for occupational exposure, consumption of fresh fruits or radon exposure was observed.
No elevated risk was observed for such prior lung conditions as tuberculosis, asthma, chronic bronchitis, emphysema or pneumonia, or for any (Table 7) . A total of 22% of case subjects and 27% of control subjects reported a physician-diagnosed nonmalignant lung disease, for an odds ratio of 0.9 (95% CI = 0.5-1.7). A positive family history of cancer in first-degree relatives demonstrated no increased lung-cancer risk (OR = 0.7, 95% CI = 0.4-1.3). The same holds true for a positive family history of lung cancer. Again there was no major influence on the results of previous lung disease or family history after additional adjustment for other potential risk factors.
DISCUSSION
This study aimed to explore the contribution of various potential risk factors to lung cancer among male nonsmokers. This is presently one of the very few studies focusing exclusively on nonsmoking men. However, numbers of case subjects were limited. As in several other studies in nonsmoking lung cancer patients adenocarcinoma was the predominant cell subtype (59%). Our findings suggest that exposure to occupational carcinogens and elevated radon concentrations in the home appear to be risk factors for lung cancer in nonsmoking men. In addition there is weak evidence that ETS exposure, particularly outside the home as in transportation and at social settings, may play a role.
Occupation
Several occupational exposures such as asbestos, arsenic, chromium, cadmium, and nickel are well established as lung carcinogens among men and smokers (Samet, 1994) . The few available studies in nonsmoking men also suggest that certain occupations may contribute to lung cancer Keller and Howe, 1993) . A study in Illinois showed that white male nonsmoking cases were significantly more likely to have worked in the construction industry, in the bus/trucking service
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industry, and in blast furnaces, steelworks and rolling and finishing mills than controls (Keller and Howe, 1993) . A recent European multicentre case-control study in male nonsmokers, including 39 cases and 79 controls from the present study, found a non-significantly raised risk (OR = 1.5, 95% CI = 0.8-3.0) for exposure to known occupational lung carcinogens (A-list), but no trend in risk with respect to duration of employment in A-or B-list jobs . In contrast, we found an increase in risk with increasing duration, and higher odds ratios. These differences in risk, however, and also those between East and West Germany may either be random or may reflect differences in the intensity or prevalence of lung carcinogens summarized by each job title by country. We believe that the observed strong effect of occupation is unlikely to be explained by confounding bias and also recall bias should be small (McGuire et al, 1998) .
Radon
While earlier studies have provided inconsistent results, there is growing evidence from well-performed large-sized case-control studies that residential radon is associated with a small but consistent increased lung-cancer risk. The totality of the evidence from these studies suggests an ERR of about 0.10 per 100 Bq m -3 (Pershagen et al, 1994; Auvinen et al, 1996; Lubin and Boice, 1997; Darby et al, 1998; Kreienbrock et al, 2000) . A recent review of radon studies with risk estimates for nonsmokers (Brownson et al, 1998) indicated rather inconsistent results. Three case-control studies in nonsmoking women in Missouri (Alavanja et al, 1994) , China (Blot et al, 1990) and New Jersey (Schoenberg et al, 1990) found no positive trend in risk, in contrast to a Stockholm study of women (Pershagen et al, 1992) , where lung-cancer risk tended to increase with increasing radon exposure for both never-smokers and current smokers. Overall, we found an unexpectedly high ERR of 0.43, which differed between the eastern (ERR = 0.60, P < 0.05) and the western (ERR = -0.74, n.s.) study area. As in other small studies of nonsmokers our results require cautious interpretation. In the western study areas there were no high radon concentrations in homes, so the range of values was rather small, and with the small numbers of subjects, the power to detect any effect was limited. Inaccuracy of measurements is an additional important methodological problem. It has been suggested that paticularly in studies with low radon concentrations inaccuracy of measurements tends to dilute an effect. To dilute an effect Kreienbrock et al, 2000) . On the other hand, there was a clear association between radon and lung cancer in the eastern study area, where many case and control subjects lived in houses with high radon concentrations and all risk estimates were statistically significant, although with broad confidence intervals. It seems unlikely that such a great effect is totally produced by random or potential bias. A confounding effect due to occupation, environmental tobacco smoke or diet at least was not observed.
Although analyses stratified by histologic type were hampered by small numbers, it was remarkable that on average patients with small cell lung cancer showed 2.3-fold higher radon concentrations in their homes than non-small cell lung cancer patients. This finding is consistent with those of other indoor radon or uranium miner studies, suggesting that small cell lung cancers are more likely to be induced by radiation than others (BEIR VI, 1998) .
Environmental tobacco smoke
In agreement with other studies (Kabat et al, 1995; Boffetta et al, 1998; Kreuzer et al, 2000) , the most frequently reported source of exposure to ETS in adulthood was not at home (as it is for women), but rather outside the home. No effect due to ETS exposure from spouses was observed, although the numbers were small. A joint analysis of nine studies including a total of 274 male lung cancer patients (Hackshaw et al, 1997) showed a 1.34-fold relative risk (95% CI = 0.97-1.84) for nonsmoking men whose spouses smoked, as compared to those whose spouses did not smoke. Our study indicated no elevated lung cancer risk due to ETS exposure at work and slightly elevated risk estimates associated with high ETS exposure during transportation or in social settings, but confidence intervals were broad. These findings add to the evidence of other studies (Kabat et al, 1995; Boffetta et al, 1998) .
Other risk factors
In the control population, the prevalence of previous tuberculosis (4.4%), asthma (3.4%) and emphysema (1.4%) was relatively low, while that of chronic bronchitis (9.4%) and pneumonia (16.4%) was somewhat higher. These proportions are in the range reported in other studies on nonsmoking men and women (Mayne et al, 1999; Wu et al, 1995; Alavanja et al, 1992 ). Yet these studies have provided evidence that certain previous nonmalignant lung diseases may be a risk factor for lung cancer; our lack of such evidence may simply be due to the small power. Schwartz et al (1996) reported a positive family history of lung cancer as strong risk factor for lung cancer in nonsmokers only in the group of early-onset cases (40-59 years of age) (OR = 7.2, 95% CI = 1.3-39.7) and not in the older age group (OR = 1.1, 95% CI = 0.6-2.1). Such an age-dependency of familial aggregation of lung cancer was confirmed by other studies Gauderman and Morrison, 2000) . Since a genetic predisposition seems to be linked only to very young lung cancer cases, it was not surprising that in the present analysis over all ages no effect was detected.
Strengths and weaknesses
The major strengths of our investigation are that all patients were interviewed in person and no data were obtained by next-of-kin or other surrogates. Detailed information on the main risk factors such as occupation, environmental tobacco smoke, previous lung disease and family history of cancer was ascertained by closely supervised, trained interviewers and standardized questionnaires. For most study subjects, 1-year radon measurements in their current homes were available. Finally, all cases had histologically or cytologically confirmed, primary lung tumors, and histological subtypes were evaluated by one reference pathologist. Nevertheless, there are several limitations in our study concerning potential bias due to the selection of case and control subjects, misclassification of nonsmoking status, uncertainty in radon measurements and instability of risk estimates based on the small numbers of case subjects. Some methodological problems concern the low response rates among control subjects. Unfortunately, response rates cannot be provided seperately for smokers and non-smokers, since this information was not gathered. The low response rate among population controls was mainly due to the refusal of long-term measurements of radon in their homes . Detailed analysis of a subsample of non-responders had demonstrated that better educated people tended to be more willing to participate . Since in Germany a higher educational level is associated with a higher proportion of nonsmokers in men, response rates should be higher for nonsmokers than overall. The effect of selection bias cannot be completely ruled out. Additional adjustment for educational level, however, did not change the results on occupation and residential radon. The recruitment of lung cancer patients which in Germany has to be done via hospitals, since no overall cancer registries exist is another concern of potential bias, thus the representativeness of our case subjects to all cases is not measurable. In previous analyses based on the former East German cancer registry we estimated a coverage of about 50% for the eastern study area.
Another source of possible bias, especially relevant to the effects of ETS, is misclassification of ever-smokers as lifetime never-smokers. Smoking status was not validated in our study. Results of a European validation study using cross-interview with next of kin suggest that bias from nonsmoker misclassification is not likely to be significant .
In summary, our study suggests that occupation and residential radon may be important risk factors for lung cancer in nonsmoking men. In addition, exposure to environmental tobacco smoke outside the home may have some weak influence. These findings indicate that among nonsmoking men other factors may contribute to lung-cancer risk than among nonsmoking women. Our study is limited by small numbers of male cases, so larger studies or pooled analyses of studies on nonsmoking men are needed to confirm these findings.
